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RESULTS OF INVESTIGATIONS ON AN 0.015-SCALE 
CONFIGURATION 140A/B SPACE SHUTTLE VEHICLE 
ORB ITER REACTION CONTROL SYSTEM 
PLUME- IMPINGEMENT MODEL 36-0 IN THE NASA/AMES 
RESEARCH CENTER 3.5-FOOT HYPERSONIC 
WIND TUNNEL (0A83) 

By M. E. Nichols, Rockwell International Space Division 
T. E. Polek, NASA Ames Research Center 

ABSTRACT 

This report documents the results of aerodynamic pressure and wing- 
root bending-moment testing conducted on an 0.015-scale Configuration 140A/B 
Space Shuttle Vehicle Orbiter Reaction Control System (RCS) plume- impinge- 
ment model (#36-0) in the NASA/Ames Research Center 3.5-Foot Hypersonic 
Wind Tunnel, from 3 through 16 May 1974. 

This test was carried out as NASA series number 0A83 and tunnel test 
number 194. 

The model was investigated at nominal Mach numbers of 5.3, 7.3, and 
10.3, at unit Reynolds numbers of 4.2 x 10 6 /ft, 7.3 x 10 6 /ft, and 1.7 x 
10 b /ft, respectively. Model attitude was varied in angle of attack from 
18° to 38° at angles of sideslip from -2° to +2°. 

The purpose of this test program was to establish and reaffirm in- 
cremental Orbiter pressure-profile and structural-loads data due to opera- 
tion of the aftbody Reaction Control System pitch-down engines. No con- 
figuration-buildup program was carried out, but RCS plume simulation 
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required various nozzle configurations based on altitude and Mach number 
matching. 
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NCKENCLATUBE 

General 

DEFINITION 

speed of sound; m/sec, ft/sec 
pressure coefficient; (p^ - r^Vl 

Mach number; V/a 

pr« :’;;i;ure; N/m^, psf 

dyne.oie pressure; l/dp'r 9 N/nf , psf 

unit Reynolds number; per m, per ft 
velocity; m/cer*, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yaw, degrees 
angle* of roll, degrees 
macs density; kg/m^, slugs/ft 3 
Reference & C,G. Definitions 

bane area; m^, ft* 

wing spen or reference span; m, ft 

center of gravity 

reference length or wing mean 
aerodynamic -curd; m , ft 

wing ur**a or reference or-*n; m , ft 

moment refereru*'* point 

moment r f -fer^nc<> point or. X axis 

moment reference point on Y axis 

moment reference point on Z axis 

bas° 

1 oca I 

stati<* condition;* 
total condition 
free stream 
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NOMENCLATURE (Continued) 
Additions to Standard List 


Plot 



C *Wj 

C *W 0 

c m w 


Cm w G 

% 

c Pi 

4 b 

M *W 

M *Wj 

M *W 0 



Definition 

wing-root roll-axis bending moment coefficient 
about YwRC 

wing-root roll-axis bending-moment coefficient 
about inboard gauge 

wing-root roll-axis bending-moment coefficient 
about outboard gauge 

wing-root pitch-axis bending -moment coefficient 
about X WR £ 

wing-root pitch-axis bending-moment coefficient, 
about gauge 

wing normal-force coefficient 

pressure coefficient for model orifice i 

wing-root gauge span, distance between inboard 
and outboard gauges, in. 

reference body length, in. 

wing-root roll-axis bending moment about in-lb 

wing-root roll -axis bending moment about inboard 
gau^, in-lb. 

wing-root roll -axis bending moment about outboard 
gauge, in-lb. 

wing-root pitch-axis bending moment about gauge, 
in-lb. 

wing-root pitch-axis bending moment about 
in-lb. 
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NOMENCLATURF (Continued) 
Additions to Standard List 


S ymbol 

N W 

Pi 

P., 

P RCS 

p T 

Re/ ft 
T(: Cj 

T 

l to 

T RCS 

t t 

T WGk 

X CPw 

\ 

X WRC 

Y CP W 


Plot 

Symbol Defini tion 

wing normal force, lb. 

pressure (absolute) at model orifice i, psia. 

P freestream static pressure, psia. 

RCS plenum pressure, psia. 

PT freestream total pressure, psia. 

RE/FT freestream unit Reynolds number, per foot. 

fuselage chamber temperature at thermocouple j, '’R. 

freestream static temperature, °R. 

RCS plenum temperature, °R. 

freestream total temperature, °R. 

wing-root gauge temperature at thermocouple K, °R. 

longitudinal location of wing center-of-pressure, 
distance from Orbiter nose station, in. 

longitudinal location of wing-root pitch-axis 
gauge, in . 

lateral location of wing reference center, 
distance from Orbiter plane-of-symmetr , in. 

lateral location of wing center-of-pressure 
distance from Orbiter plane of symmetry, in. 



lateral location of inboard wing-root roll-axis 
gauge, in. 



lateral location of outboard wing-root roll -axis 
gauge, in. 


NOMENCLATURE (Concluded) 
Additions to Standard List 

Plot 


Symhol 

Symbol 

Definition 

y wrc 


lateral location of wing reference center, 
distance from Orbiter plane-of-symmetry , in. 

6 r 

RUDDER 

rudder surface deflection angle, positive deflection, 
trailing edge to the left; degree' 

5 a 

A1LR0N 

aileron, total deflection angle, degrees, 
(left aileron-right aileron)/2. 

6 sr 

SPDBRK 

speedbrake deflection angle, degrees 

Y/b/2 

2Y/B 

local spanwise position/wing seini-span. 

x/c 

X/C 

local chordwise posi tion/ local chord length. 

x/d 

X/D 

longitudinal position/local nozzle diameter. 

x o 

XO 

longitudinal reference station. 

6 bf 

BDFLAP 

body flap deflection angle, degrees. 


ELEVON 

elevon, surface deflection angle, positive 
deflection, trailing edge down; degrees. 
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CONFIGURATION INVESTIGATED 

The 0,015-scale Orbiter model was built tc Rockwell International 
configuration control drawings VL70-0001404 and VL70-000140B, as com- 
bined per model design drawing BD-SS-A00130, and has been referred to as 
the "14CA/B" configuration. 

T he model was constructed of Armco 17-4 stainless steel to meet 
Rockwell International and Ames Research Center loads safety -factor re- 
quirements. The model was mounted in the 3. 5- foot tunnel on a Rockwell 
International -designed sting and hinge-adaptor assembly without a main 
balance. 

The right wing was strain-gauge instrumented for wing-root p’tch- 
axis bending moments, wing-root roll -axis bending moments, and wing normal- 
force loads. The left-hand fuselage side, the left wing, and the left- 
lower MPS nozzle were instrunented with surface pressure orifices. These 
pressure taps were measured by a six-module scanivalve gang enclosed in 
the fuselage. The Reaction Control System aftbody pitch-down engines were 
simulated by interchangeable cold-air-fed nozzle blocks. Precnl ihrated 
plumes from the forward two down-firing aftbody nozzles cn each side of 
the Orbiter were employed. PCS plenum temperature and pressure were moni- 
tored for controlled operation of tiie plumes. 

Mode i 36-0 dimensional data sheets are provided in Table III. The test 
configuration included the following components, all of which were present 

throughout the test; no alternate configurations or configuration-buildup 
programs were investigated. 
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CONFIGURATION INVESTIGATED (Concluded) 


The configuration tested was: 

140A/B Orbiter = Cg Fg N 24 Vg Rg W^g E 2 g 


Component 


B. 


26 


L 


26 


74 


'116 


Fuselage, per Rockwell International lines VL70-0001 40A 
and VL70-000140B 

Canopy, per lines VL70-000140A and VL7Q-000143A 


Elevons for W 
bod.yflap, per 


per lines VL70-000200 
I i 0 

VL70-000145 


OMS/RCS pods, per VL70-000145 and VL70-008401 


MPS engine nozzles 

Rudder/speedbrake for Vg, per lines VL70-000146A 

Vertical tail, per lines VL70-00UI46A 

Wing for Configuration 140A/B Orbiter, per lines 
VL7C-000200 




TEST FACILITY DESCRIPTION 

The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit, 
blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7, 
and 10 at pressures to 1800 psia and temperatures to 3400°R for run times 
to four minutes. The major components of the facility include a gas storage 
system where the test gas is stored at 3000 psia, a storage heater filled 
with aluminum-oxide pebb'.es capable of heating the test gas to 3400°R, 
axisynmetric contoured nozzles with exit diameters of 42 inches for gener- 

3 

ating the desired Mach number, and a 900,000 ft vacuum storage system 
which operates to pressures of 0.3 psia. The test section itself is an 
open-jet type enclosed within a chamber approximately 12 feet in diameter 
and 40 feet in length, arranged transversely to the flow direction. 

A model support system is provided that can pitch models through an 
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37 inches from tun- 
nel centerline) until the tunnel test conditions are established. The 
model is then inserted. Insertion time is adjustable to as little as 1/2 
second and models may be inserted at any strut angle. 

A high-speed, analog-to-digital data acquisition systan is used to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 transducers in addition to 20 
channels of tunnel parameters. 
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DATA REDUCTION 


A pressure coefficient, C p , is computed for each pressure orifice i 

P. - P 

i °° 


Wing-root, gauge-centered bending-moment coefficients are computed: 


A wing normal -force coefficient is computed: 


c ; " C / 

lu 

w i w o h 


where : 


d G " Y G ; ' Y G , 
1 0 L 


Wing center-of-pressure locations are computed as follows 


Kn = x r 
cp W G m 


C m c 
m w 
W G 


C » b 


= Y„ + 


'cp N 'H 
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Wing-root reference-centered bending-moment coefficients are com- 


puted: 


C/ ~ c / + 

l 'A *U Q 


C = C 

m w V 


C N ( Y 6 ; - Y WRC) 

N W * 0 

B 


C N W {x G m ■ W 


Reference dimensions and constants are: 

Symbol Model scale Full scale 


l B , i r. 


19.3545 


1290.3 


c, in 

7.1220 

474.8 

b, in 

14.0502 

936.68 

2 

S, fr 

0.60525 

2690.0 

dg, in 

0.822 


X r , in from nose 
m (X Q = 235) 

14.877 


Y r , in Y 

G/j o 

I 

0.888 


Y G; • in Y o 

L 0 

1.710 


Xupp, in from nose 
WRC (X Q - 235) 

15.0800 

1005.333 

Y WRC* in Y o 

1.6200 

108.0 
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DISCUSSION OF RESULTS 


Qualitative analysis of data obtained in test 0A83 indicated that 
the RCS engines had an insignificant effect with respect to aerodynamic 
loads on the Orbiter at hypersonic airspeeds. Some interest in the data 
was expressed, however, in areas of concern to aerothermodynamics per- 
sonnel . 

Wing-bending moment data (flexion, torsion, and normal fore:) was 
plagued by thermal -gradient effects upon the wing-root-mounted gauges, 
and this data has been discarded. 

Pressure data are excellent, with consistent trends between all 
RCS-on and RCS-off conditions at all three Mach numbers. Bad readings 
have been deleted. 

RCS operations were good, with pressure variations generally main- 
tained within +10 psia. Certain equipment shortcomings were accountable 
for larger variations mostly in the earlier runs. 

Only tabulated pressure data will be presented in this report. 
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MODEL SCALE: 0.0 IS 


MODEL DRAW: E : S3-A0014' 


nPAWIKir, MIIMRFR 7L70 -00014-3 3, -000200, 000205- -0060B-. -000145, 

"" -OOOTCDm, OOOi'tOB 


DIMENSIONS 


♦Length (CML: Fwd 3ta. Xo-235)-In. 
length (IML: Fvd 3ta. X 0 =--238) -In. 

* Mox Width (« X - 1528.3) In. 


FULL SCALE 

1293.3 


J29GLX 


MODEL SCALE 

19-400 


Max Depth x - 1464) - In. 


2 SO .0 


Fineness Rotio 


Area Ft £ 


Mox. Cross-Sectionol 
Plonform 


Wetted 



DIMENSIONS 


* Length (X Q - 1*34.643 to 578) 
Max Width (S X Q = 513-127) 
Mox Depth x q = 485-0) 
Fineness Ratio 
Areo 

Max. Cross-Sectioncl 
Planform 

Wetted 

Bose 
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TABLE III. - MODEL DIMENSIONAL DATA - Lontinued. 
MODEL COMPONENT: ELEVON - e >, 6 


GENERAL DESCRIPTION: Configuration lbOA/B Orbiter Ele/or.^ 


data atm- for orre: - top 



MODEL SCALE: 0.01*5 

MODEL DRAWN 5: f 

A00148. ".'•'LFA E+ 


DRAWING NUMBER: VL7O-Q0C3001 

_W> 06 o 69 , -006092 



DIMENSIONS: 

FULL-SCALE 

MODEL S, " : 


Area Ft 2 

210.0 

O.O’.Tv 


Span (equivalent) - i n . 


✓ 

5 . 2^0 


Inb’d equivalent chord - in. 

U6. 00 A 

1.770 


Outb'd equivalent chord - in. 

55. 102 

0.8?8 


Ratio movable surface chord/ 
total surface chord 




At Inb'd equiv. chord 

0.2006 

0.2096 


At Outb'd equiv. chord 

0.14001* 

0.1*00+ 


Sweep Back Angles, degrees 




Leading Edge 

0.00 

Q.00 


Trailing Edge 

- JD.Q56 

- 10.0 r ,6 


Hingeline 

0.00 


1 

* Area Moment ( Product of Area & c) 

-Ft 3 isflLaa 

0-^054 

r 

*Mi?an Aerodynamic Chord - In. 

90.7 

1.361 
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TABLE III. - MODEL DIMENSIONAL DATA . Continued. 
MODEL COMPONENT: MP3 NOZZLES - N 2 k 


GENERAL DESCRIPTION: ry>nfM (r n™-Hon ia MPS Nozzles 


MODEL SCALE: Q.Q15 


DRAWING NUMBER: VT.70-000140A . VL70-Q05Q30A 


DIMENSIONS: 

FULL SC/lLE 

MODEL SCALE 

MACH NO. 



Length - In. 

Gim’oal Point to Exit Plane 

157-0 

a • 355 

Throat to Exit Plane 

99-2 

1.488. 


Diameter - In. 

Exit 91-00 _ 1-365 


Inlet 



o 

Area - ft 
Exit 
Throat 

45,1658,5. 

0.0102 

Girabal Point (Station) In. 

Upper Nozzle 
X 

1445.0 

21,675 

y 

n.n 

0.0 

z 



JL&5 

Lover Nozzlea 
X 

lU6Bl6QQ6 

22.023 

y 

+ 53.000 + 

0.795 

z 

343.63988 r 

5..14Q 

Null Position - Deg. 
Upper Nozzle 
Pitch 

16 0 

16 ° 

Yaw 

O u 

o u 

Lover Nozzle 
Pitch 

a 

O 

O 

►— 1 
0 
0 

Yav 

_JL5l 
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TABLE III. -MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: wmira - p- 


GENERAL DESCRIPTION: 


,^A. 2d. and i /r 


MODEL SCALE: O.OIS 


DRAWING i NUMBER: V L 7 P-OOQ 1 L 6 A . VL7 0-OOQQOS- VL7O-OOOI39. 


DIMENSIONS: 

*Area- Ft 2 

Span (equivalent) - in 

Inb'd equivalent chord - in. 

Outb'd equivalent chord - in. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Trailing Edge 

Hingeline 

* Area Moment (Product of area & c)-Ft^ 
♦Mean Aerodynamic Chord, In. 


FULL-SCALE 

100. IS 

201 -0 

SL5S1 

50-833 


oJm 

O.LOO 

- JL 8 1 

26. 2S 
-^•83 
610. Q? 
73-2 


MODEL SCALE 

0.022S 
—1-015 
— 1 • 37,38 
0.762S 


_SLk£L 

-JLkOO 

-3k. 83 

.3k , £3 
., Q ,q 02 
1.098 


TABLE III. - MODEL DIMENSIONAL DATA. - Continued. 


MODEL COMPONENT: VERTICAL - Vq 

GENERAL DESCRIPTION: Configuration 14QA /B Orbit, pr Vprt.1ra1 Tall. 


MODEL SCALE: 0.015 

DRAWING NUMBER: vr/jm -0001116;. 

DIMENSIONS: 

TOTAL DATA 

P 

Area (Theo) - Ft' 

Planfora 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 
Leading Edge 
* Trailing Edge 
0.25 Element Line 


MODEL DRAWING: S3-A00148, RELEASE 6 


FULL SCALE 

MODEL SCALE 

413.253 

0.033 

31 3 . 720 

4.736 

1 .675 

1.67.5 

0.S07 

0.507 

0 . 4oU 

0.404 


45.000 

26 ! 2 °° 

26.2 

41 .130 

41.130 


Chords : 

Root (Theo) ’7P 
Tip (Theo) VP 
MAC 

Fus. 3ta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


268.500 

4.028 

108.470 

1.627 

1 99 . fiQ 3 

P . QQ7 _ 


21 .?5? 

615.522 _ 

Q . Wl ? 

0.00 

o.qqT- 


Airfoil Section 

Leading Wedge .-.ngle - Deg. 
Trailing Wedge /.ngle - Deg. 
Leading Edge Radius 

Void Area 

Blanketed Area 


10.00 _ 1Q..QCL 


1 h . 020 

14.020 


0.030 

13.17 

0.003 

0.00 

sun 
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TABLE III. - MODEL DIMENSIONAL DATA - Concluded. 

MODEL COMPONENT; WING-VIt,,: , 

GENERAL DESCRIPTION: ration A 


trailing ed •& of v3iv 


MODEL SCALE: 0.015 


TEST NO. 
DIMENSIONS: 


TOTAL DA TA 2 

Area (Theo.) Ft* 

Plan form 
Span (Thee In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Sack Angles, degrees 
Leading Edge 
Trailing Edge 
0,25 Element Line 
Chords: 

Root (Theol B. P.0.0. 
Tip, (Theo) B,P. 

MAC 

*Fus. Sta. of .25 MAC 

* W.P. of .25 MAC 

* B.L. of .25 MAC 

EXPOSED DATA o 


nt cm v 1 ' / ■ w 

* Span, (Theo) In. BP 108 

* Aspect Ratio 
Taper Ratio 
Chords 

* * Root BP108 

Tip l.OC b 

1 

* MAC 

* Fus. Sta. of .25 MAC 

* W.P. Of .25 MAC 

* B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b » 

7 

.Tip b - 

2 

Oata for (1) of (2) Sides 
Leading Ed^e Cuff 9 
*Planform Area Ft* 

* Leading Edge Intersects Fus M, L. 8 Sta 

* Leading Edge Intersects Wing 8 Sta 


DWG. NO. VL70 -000140.-. -003200 


FULL-SCALE 


2690 .OP 
2 .2 o5 


10.0^6 

35_.gyi 


1751 -GO 


JL13.18 


1024.00 


MODEL SCALE 


0.605 
IT .0-0 

2.2c5 


Q. r 00 
+ 3.000 


45 . OOP 
10-056 


0 . 394 


8.4U . 


0.025. 
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Positive directions of force coefficu 



Axis systems 
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Sting Adaptor and Sideslip Hinge Assembly 
Figure 3. - Continued. 
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